ABSTRACT We report that human leukocyte interferon preparations increase the expression of 82-microglobulin by 100-200% on the surface of normal fibroblast and melanoma cell lines sensitive to interferon. This increase in expression can be correlated with an increase in HLA synthesis as measured by incorporation of [3S]methionine in these antigens. This enhanced HLA synthesis, which is 5-to 17-fold, is time dependent and dose related. Synchronized cells in the GO/GI phase of the cell cycle appear to be more sensitive to this interferon action. Neither an increase in surface expression nor in HLA synthesis is observed in a melanoma cell line resistant to the antiviral and antigrowth effects of interferon. Furthermore, there appears to be a stronger correlation between this increased HLA synthesis and the antiviral function than between it and the antiproliferative action of interferon.
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Interferons are glycoproteins that have antiviral, immunoregulatory, and antiproliferative functions. Previously, human leukocyte interferon has been shown to enhance the expression of surface major histocompatibility antigens, HLA-A and -B and f32-microglobulin, a low molecular weight subunit of HLA. This increased expression has been noted in normal human peripheral blood lymphocytes and lymphoblastoid cells lines (1) (2) (3) (4) and murine lymphoid systems (5) (6) (7) by absorption studies, fluorescence intensity of labeled antibodies as detected by the fluorescence-activated cell sorter, and radioimmunoassay. The increase of HLA appears to be specific in that other lymphocyte surface markers, such as immunoglobulin and T-cell antigens were not increased (1, 6) . However, the mechanism of interferon-induced increased expression of surface major histocompatibility antigens is not well understood. We report here the results of a study of the mechanism of increased expression of HLA in a malignant nonlymphoid cell system by analysis of the synthesis of these antigens after interferon treatment. Furthermore, we have compared the HLA synthesis in different melanoma cell lines resistant or having various sensitivities to interferon to relate the level of HLA expression to the antiviral and antiproliferative functions of interferon.
MATERIALS AND METHODS
Interferon. Human leukocyte interferon (IFN-a) was supplied by Kari Cantell (Central Public Health Laboratory, Helsinki, Finland). The titer ofthis interferon was 7 x 105 reference units/ml, and the specific activity was 106 reference units/mg of protein.
Cells. Four human melanoma cell lines (Hs294T, Hs659T, clone 6, and a clone 6 revertant) were used. The origins and characteristics of these cells have been described (8) . Briefly, the Hs294T cell line is sensitive to the antiviral and antigrowth actions of interferon. The clone 6 cells have been isolated from Hs294T, are resistant to both actions of interferon, and are normally maintained in 104 units/ml of interferon. The revertant cell line, obtained by subculturing clone 6 cells in the absence of interferon for 8 wk, is sensitive to the antiviral effect but responds poorly to the antigrowth effect. Hs695T, from the early passages (Hs695-E), is sensitive to the antiviral effect but responds poorly to the antigrowth effect. This cell line became highly sensitive to this latter effect after -60 passages (Hs695-L). The cells were cultured in Dulbecco's modified Eagle's medium (GIBCO)/10% fetal calfserum. Human fibroblast cells were obtained by trypsinization of foreskin and cultivated in minimal essential medium/10% fetal calf serum. In all experiments, the cells were plated at 2 x 105/ml in 100-mm Falcon Petri dishes and treated with interferon 24 hr after plating.
Determination of Antiviral Activity. Antiviral activity was measured by using inhibition of vesicular stomatitis virus or encephalomyocarditis virus replication after 24 hr of interferon treatment. Virus yields were determined in plaque formingunits in mouse L cells.
[35S]Methionine Labeling. The cells were washed in phosphate-buffered saline (PjNaCI) and labeled for 12 hr with [3S]-methionine [250 ,uCi/ml; 400-900 Ci/mmol (1 Ci = 3.7 X 1010 becquerels); New England Nuclear] in methionine-free Dulbecco's modified Eagle's medium/10% dialyzed fetal calf serum. Theywere then trypsinized, washed three times in Pi/NaCl containing 2 mM unlabeled methionine, and lysed in Tris HCI/ saline/0.5% Nonidet P40 (Sigma). After 30 min on ice, the insoluble material was removed by centrifugation at 10,000 X g for 5 min and the supernatant was assayed for immunoprecipitation of HLA antigens.
Immunoprecipitation. Aliquots of cell extracts were mixed with Staphylococcus aureus Cowan I strain (IgGsorb; Enzyme Center, Boston, MA) for 30 min at 4°C. After centrifugation (3,000 rpm) for 10 min, the cleared cell lysates were mixed with anti-human HLA IgG2a monoclonal antibodies (Sera Lab, San Diego, CA), and the mixture was incubated at 4°C overnight. Immune complexes were absorbed to S. aureus for 1 hr on ice, the mixtures were centrifuged, the supernatants were discarded, and the S. aureus pellet was washed three times in 0.4 M saline/0. 1 M Tris.HCl/0.5% Nonidet P-40, pH 8, and dissolved in NaDodSO4 sample buffer. This solution was boiled for 3 min and centrifuged, and the supernatant was processed by electrophoresis. NaDodSO4/Polyacrylamide Gel Electrophoresis Analysis. Analysis was carried out by using 10% polyacrylamide slab gels according to the Laemmli method (9) . After electrophoresis, the gels were stained, destained, fluorographed for 45 min in Abbreviations: P1/NaCl, phosphate-buffered saline; FITC, fluorescein isothiocyanate; FACS, fluorescence-activated cell sorter.
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Relationship Between the Antiviral and the Antiproliferative Functions of Interferon and HLA Synthesis and Expression. It is thought that the concentration of interferon needed to establish an antiviral effect is lower than that necessary to obtain an inhibition of cell growth in many cell lines (11) . To further characterize the relationship between increased expression of the HLA antigens and the antiviral and antiproliferative effects of interferon, we have studied these dose-dependent effects in Hs294T and clone 6 revertant cells. The cells were treated with interferon at 5, 50, and 500 units/ml and assayed for (i) Table 3 . In both cell lines, an increase in HLA synthesis and expression could be detected with interferon concentrations as low as 5 units/ml and this effect was greater at higher concentrations. Interferon doses higher than 500 units/ml did not enhance these effects, possibly due to toxic effects. It should be noted that these cell lines showed comparable sensitivity to the antiviral function of interferon. However, the clone 6 revertant cell line required .10 times more interferon to attain the antiproliferative effect found in Hs294T cells.
Effect of Nutrient Starvation on Interferon-Induced HLA Synthesis. We have previously reported that the sensitivity of these melanoma cell lines to the antiproliferative effect of interferon is related to their behavior at high cell density, in that cell lines that enter G/Gj at saturation density are far more sensitive than those that continue to proliferate under similar conditions. Of the cell lines tested, Hs294T was the most sensitive line to the antiproliferative action ofinterferon, and it has previously been shown to be blocked in GOJG1 at saturation density (8) . We, therefore, sought to compare the rate of incorporation of [3S]methionine into HLA antigens in Hs294T cultures that were collected in the GO/GI phase ofthe cell cycle by nutrient starvation at a high density with that ofrapidly growing cultures. Both nutrient-starved cells and rapidly dividing cells were plated at similar cell densities with or without inter- feron (500 units/ml). Cells were treated with interferon (500 units/ml) for various periods of time. Increase in HLA is expressed as the ratio of the area under the curve obtained by densitometric scanning of the autoradiogram from interferon-treated cells to that from control cells. ment with findings in the lymphoid system, in which no increase in surface immunoglobulin or T-cell antigen could be detected (1, 6) and, therefore, a change in cell size or a change in the membrane to expose more of the HLA antigens was not considered to contribute substantially to the increase of these antigens.
We have previously shown that Hs294T cells in the G/G1 phase of the cell cycle are more sensitive than rapidly growing cells to the cytostatic effect of interferon (8) . The data reported here show that not only are these cells more sensitive to the cytostatic effect of interferon, but they also showed a greater increase in synthesis and expression of HLA when interferon was introduced in synchronized versus rapidly dividing cells. This increase could not be detected by synchronization alone, in that control cells in the GO/G1 phase of the cell cycle did not show a difference in HLA expression compared with rapidly growing control cells. This corresponds to the finding of Sarkar et al., who reported that the density of HLA-A and -B remained constant through the cell cycle (14) . In the murine system, Killander et al. found no relationship between interferon-induced increased expression of histocompatibility surface antigens and any phase ofthe cell cycle (7) . It should be noted that interferon treatment of L1210 cells did not concentrate these cells in any particular phase of the cell cycle.
The results reported here also show that the increase in HLA synthesis and expression could be found with concentrations of interferon as low as 5 units/ml, which are sufficient to induce a detectable antiviral state but do not modify cell growth. Thus, these data show that this increase is not a consequence of the antigrowth or cytotoxic function of interferon or of clonal selection ofa subset ofcells that normally expresses more of these antigens. Furthermore, all of the cell lines, except clone 6, which is resistant to interferon, showed comparable increases in HLA synthesis, even though they differ in their responses to the antiproliferative effect of interferon.
Interferon has been shown to inhibit protein synthesis (15, 16) although it also induces the synthesis of new proteins in different cell lines (17, 18) . These new proteins have not yet been identified and therefore may be directly or indirectly related to the increase in HLA.
Regardless of the mechanism of interferon induction of increased HLA synthesis, these results suggest a correlation between the enhanced expression of HLA and the antiviral function of interferon due to the early-occurrence low-dose requirement and response of the different cell lines used to these interferon effects. This is compatible with a role for increased HLA expression in the immune response of a virally infected host for the elimination ofHLA-matched infected cells.
